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GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR REGULATION OF URETERIC BUDDING 
AND GROWTH, AND OF ENTERIC INNERVATION 

Pursuant to 35 U.S. C. § 119(e), the present application claims priority 
benefit of Application Serial No. 60/021,964, filed June 27, 1996, hereby 
5 incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the effect of Glial cell-line derived 
neurotrophic factor ("GDNF") on cell differentiation and growth, in particular, on the 
growth and differentiation of ureteric epithelial cells and neurons. 

10 BACKGROUND OF THE INVENTION 

The shapes of different organs can be explained largely by two 
fundamental characteristics of their epithelial rudiments - the pattern of branching and 
the rate of proliferation. Glial cell line-derived neurotrophic factor his recently been 
implicated in the development of metanephric ureteric epithelium (Pichel, J.G., Shen, 
15 L., Sheng, H.Z., Granholm, A.-C, Drago, J., Grinberg, A., Lee, E.J., Huang, S.P., 
Saarma, M., Hoffer, B.J.. Sariola, H. and Westphal, H. (1996). Nature (London) 
382, 73-76; Sanchez, M.P., Silo-Santiago, I., Frisen, J., He, B., Lira, S.A. and 
Barbacid, M. (1996). Nature (London) 382, 70-73; Vega, Q.C., Worby, C.A., 
Lehner, M.S., Dixon, J.E. and Dressier, G.R (1996). Proc. Natl. Acad. ScL 
20 (USA)93. 10657-10661). 

Development of the ureter and urinary collecting duct system of the 
metanephric kidney is first triggered by a signal from the nephrogenic mesenchyme. 
This signal induces the nearby Wolffian duct to produce an outgrowth, the ureteric 
bud, which then elongates, invades the mesenchyme, and undergoes dichotomous 
25 divisions. Its tips induce condensation and epithelial conversion of the mesenchyme 
into excretory tubules (reviewed by Saxen, 1987). Kidney tubule induction and 
ureteric morphogenesis are regulated reciprocally (Grobstein, 1953; 1955). Attempts 
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to identify the signal, invoived have traditionally concentrated on the induction of 
epithelial differentiation of kidney tubu.es. and some interesting candidate molecu.es 
have been identified (Kreidberg et a... ,993; Stark e, al„ 1994; Dud.ey e, al 1995 
U,o et a.., 1995; Perantoni et al. 1995; Torres et al.. 1995; Vukieevic et a. 'l996,' 
Uss is known about the contro. of ureteric bud growth and differentiation, although 
some growth factors, such as hepatocyte grow* factor/scatter factor (HOP) (Santos e. 
al., 1994; Woolf e, al.. 1995). transforming grow* factor-01 (TGF01) (Ri.vos et a. 
1995). and extraceUular matrix molecules (Davis et a.., 1995) have been implicated in 
the regulation of its growd, and branching. Moreover, HGF has been shown to 
regulate branching morphogenesis of kidney-derived Madin-Darby canine kidney 
(MDCK) epithelial cells in collage-matrix cultures (Montesano et al., 199i a ) 

^ taVC ShOW " 8 " al lin =-*rived neurotrophic factor 
(GDNF) ,s expressed in the condensing mesenchyme .ha, surrounds the developing 
ureteric system of kidneys (Hellmich e, al.. 1996; Suvanto e, al., ,996) GDNF is a 
d.stam member of the TGFfi superfamily (Lin et al., 1993) and maintains 
dopaminergic, noradrenergic and motor neurones of the central nervous system (Lin e, 
al.. 1993; Tomac et al., 1995; Arenas e, al.. 1995; Henderson et al 1994- 
Oppenheim et al., 1995; Van e, al., ,995, as well as various s„b-p„p U ,a,ions of the 
penpheral sensory and sympathetic neurones (Henderson e, al., 1994; Buj-Bello e. al 
1995; Ebendai el al., 1995; Trupp et al., 1995). 

One known receptor for GDNF is the cRe. receptor tyrosine kinase 
(Takahashi e, al.. ,988; Trupp e, a,.. 1996; Durbec e, a,., ,996), which is expressed 
m several tissues adjacent to sites of GDNF syndesis and it is autophosphorylated 
upon GDNF binding. Tne functional receptor complex of GDNF and cRe, additionally 
mcludes novel type of glycosylphosptatidylinositoMined (GPI) cell surface receptors 
GDNFR-a (Jing „ „., 19g6 . Treanor e , a , 199fi) or QDNpR _ ff ^ ^ 

1997; also named TGF-0-related neurotrophic factor receptor, TmR2; Baloh e, al' 
1997). Comparative analysis of GDNFR-a, GDNFR-0 and cRel expression suggests 
that multiple receptor complexes exist in vivo (Baloh e, al. .997, Suvanto e, al 1997, 
The ligand specificities of GDNFR-a and GDNFR-0 have not ye, been fuUy reso.ved 
bu, they bind both GDNF and its novel homologue neurutrin (Kotzbauer e. a. 1996) ' 



WO 97/49798 PCT/IB97/00939 

- 3 - 

and both these GPI-iinked receptors can mediate growth factor signaling via cRet 

(Balohet al., 1997). 

Transgenic mice deficient for GDNF, and those deficient for cRet, show 
remarkably similar phenotypes that are characterized by a severe defect in intestinal 
5 innervation, and renal aplasia or hypodysplasia (Pichel et al., 1996; Schuchardt et al., 
1994; 1996). This observation, together with those from antibody inhibition 
experiments (Vega et al., 1996), suggests strongly that GDNF and cRet play a major 
role in development of renal epithelia. We disclose herein the target cell types and 
developmental functions of GDNF in kidney morphogenesis. 

10 SUMMARY OF THE INVENTION 

In one aspect, the present invention relates to a method for maintaining 
ureteric cells in culture. 

In another aspect, the present invention relates to a method for 
preventing apoptosis of ureteric cells. 
15 In still another aspect, the present invention relates to a method for 

stimulating ureteric budding of the Wolffian duct. 

In yet another aspect, the present invention relates to a method for 
stimulating ureteric branching. 

In a further aspect, the present invention relates to a method for treating 
20 Hirschsprung disease and renal dysplasia. 

In yet a further aspect, the present invention relates to a method for 
stimulating axonal outgrowth of neuronal cells. 

In still a further aspect, the present invention relates to a method for 
stimulating adhesion between ureteric cells. 
25 In a still further aspect, the present invention relates to a method for 

stimulating the formation of basal lamina on ureteric cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The file of this patent contains at least one drawing executed in color. 
Copies of this patent with color drawing(s) will be provided by the Patent and 
30 Trademark Office upon request and payment of the necessary fee. 
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Figures IA-H. cRNA /„ situ hybridization of GDNF and GDNF receptor mRNAs 
and GDNF binding to the E r 17 metanephric kidney. A. cRet transcripts are seen only 
m the tips of the branches of the ureteric tree but not in the mesenchyme B 
Corresponding dark field image. C. GDNFR-a mRNA is expressed by both the ureteric 
5 epithelium and metanephric mesenchyme. D. Corresponding dark field image E 

GDNF cRNA is expressed by the pretubular mesenchyme. F. Corresponding dark field 
image. G. I25 I-GDNF binds to the tips of ureteric epithelium, but neither to the other 
segments of the ureter nor medullary structures. H. Corresponding dark field image 
Insert: 250-fold excess of unlabeled GDNF competes out the '"1-GDNF-binding mes - 
10 condensing metanephrogenic mesenchyme, ub=tip of the ureteric epithelium bar 200 
lim, insert 40 ^im. 

Figures 2A-H. The effect of GDNF on branching of the ureteric epithelium in 
metanephric kidney and urogenital explants. Cell-type markers: cytokeratin-8 (red 
branches or the ureter bud and Wolffian duct) and brush border epitopes (green 
15 secretory nephrons) (A. and B.), rhodamine-conjugated DB-lectin (branches of the 
ureter bud and Wolffian duct, C.-F. ) and LI neural cell adhesion molecule (branches 
of the ureter bud, Wolffian duct and neuronal cells, G.) and cytokeratin- 1 8 (branches of 
the ureter bud and Wolffian duct, H.). A. A metanephric kidney from E r 13 cultured 
with BSA-soaked bead with a normal branch pattern after two days in culture B 

20 Distortion of branching around a GDNF-soaked bead in a corresponding kidney explant 
The nearby branches are distorted and show irregular branches pattern. C. Induction of 
a new bud (arrow) from the Wolffian duct in the caudal mesonephric area D 
Induction of a heterologous, abnormally broad bud from the cranial mesonephric area 
by a GDNF-soaked bead in an E r 13 urogenital explant after two days i n culture E 

25 Failure to induce supernumerary buds by a HGF-soaked and F. TGFp 1 -soaked bead 
from the E r 13 Wolffian duct. G. GDNF-soaked beads induce no supernumerary buds 
from the Wolffian ducts in the mice deficient for cRet. H. Corresponding wild type 
mouse explant showing supernumerary buds form the Wolffian duct (arrow), similar to 
those seen in rat. Note that also the nearest branches from the ureteric epithelium (*) 

30 are directed towards the bead. Ub= tip of the ureteric epithelium, Wd= Wolffian duct 
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Beads are surrounded with dashed line. Bar: A. and B. 100 (im, C, D., E. and F. 200 
|im, G. and H. 80 [im. 

Figures 3A-J. The effect of GDNF on the epithelial morphology and 

adhesiveness of two ureteric buds growing in hanging drop culture (at 24 hours). 
5 Stereornicroscopic imagines (A., C M and E.) , whole-mount immunohistochemisty for 
LI neural cell adhesion molecule (B M D. and F.) and electron microscopic analysis (G.- 
J.). Note that A, and B. depict only one unfused bud from the control culture, C. and 
D. two fusing buds growing with 50 ng/ml of GDNF, and E. and F. two fusing buds 
growing with 50 ng/ml HGF. 
10 A. Two ureteric buds without exogenous growth factors are shedding cells. B. LI 
staining shows the disorganized pattern of a bud remnant without exogenous growth 
factors. C. and D. The two buds growing in GDNF or E. and F. in HGF maintain their 
epithelial, balloon-shaped morphology and regularly fuse in the hanging drop. G. 
Transmission electron microscopic analysis of ureteric buds growing without exogenous 
15 growth factors or, H., with 50 ng/ml of HFG shows tight junctions but no basal lamina. 
I. In 50 ng/ml of GDNF the bud is surrounded by a thin basal lamina (arrows), J M 
resembling lamina densa at the tip of a normal ureteric bud. ub= ureter bud. Bar A., 
C. and E. 200 ^m B M D. and F. 400^im, G.-J- 200 nm. 

Figure 4. The number of cells in a ureteric bud from E r 13 kidney (day 0, n=24) 
20 grown for 24 hours (day 1) with or without 50 ng/ml of GDNF or HGF (n=20 in each 
media). No difference is seen in the cell number in any media. 

Figures 5A-E. Induction of branching by GDNF in desulphated kidneys where 

normal branching is disrupted. AH explants were cultured for 3 days. Markers for 
ureteric buds and Wolffian duct: calbindin-D-28k (B, C, and D) and LI neural cell 
25 adhesion molecule (E). 

A. Western blotting analysis with antibodies against mouse cRet and GDNF shows that 
GDNF (right), but not cRet (left), is down-regulated in desulphated kidneys treated in 
chlorate. B* With desulphation ureteric branching morphogenesis is disrupted. C. 50 
ng/ml GDNF promotes short branches in desulphated kidneys. D. A kidney with 
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desuiphation and 50 ng/m, GDNF and ,00 ng/m, HGF. E. A desulphated kidney 
grown with GDNF.oa.ced agarose bead. Note that ^ nearby branches „ 
towards the bead. ub= ureteric bud m «-™ , u • 

duo.. Bar: 250um. — ~*nc mesenchyme, Wd =Wo,ffian 

5 Figures 6A-E. The effects of GDNF and HGF on ureteric branching in E 13 

ureter, bud-he,ero,og„us mesenchyme expiants. CeH-type markers: Iaminin (A „ c 
and E, and DB-.ectin 0>, A. Lung me^nchyme-ureteric epithe.mm recombi^L 
48 hours ,n cutture with 50 ng/m, GDNF show, extensive ureteric branching. Note that 
no secondary branches are seen. B. Simiiar explan, with 50 ng/m, HGF. C. Lung 
mesendtyme-ureter bud recombination without exogenous growth factors shows no 
branches. D. Limb mesenchyme-ureteric bud recombination with 50 ng/ml GDNF E 
Sahvary mesenchyme-ureteric bud recombination with 50 ng/m, GDNF. „b= ureteric * 
bud, mes= mesenchyme. Bar 200um. 

DETAILED DESCRIPTION 

'5 We have analyzed the target eel, types and the mode of action of GDNF 

,n the metanephric kidney. As diseased herein. GDNF can induce ureteric bud 
Ration from Wo|ffian duc , ml only in ^ ^ 

Wo ffian duct segments outside the metaneph™ zone. The promotion of epitheiial 
buddtng and branching morphogenesis requires cRet. and it does no. take place in 

20 Wneycutores from cRet-deftcien. mice by GDNF-beads. 

GDNF ts a mesenchyme-derived signa, that acts in a dosage-dependent manner on me 
ep«he.,a, Urge. ..sue. Further, Ute primary response ,o GDNF is no, mi[og enic and 
u. the hangtng drop culture, , is characterized b y decreased apop.osis, increased ' 
adhestveness. secretion of basa, lamina and maintenance of me poiarization of me 

£j ureteric cells. 

Although me maintenance and cell adhesion responses are directly 
mediated by GDNF. the branching r „ t0 ODNp „ ( ^ 

unknown mesenchyme-derived effects), possibiy on mesenchyme-derived 
extrace,,u,ar matrix moiecu.es or grow* factors. These grow.h-promo.ing signa.s are 
30 so prov,e ,o some extent by lung mesenchyme, but no, me other 

tested. The „ssue recombina.ion dau, show funher Uta, me ureteric branching can be 



WO 97/49798 PCT/IB97/00939 

- 7 - 

triggered by TGF01 and HGF, which implies redundancy in the regulation of ureteric 
differentiation. However, unlike GDNF, these growth factors do not direct the growth 
of the branches and do not promote budding from Wolffian ducts. 

Thus, GDNF promotes ureteric morphogenesis by priming the Wolffian 

5 duct for bud initiation, perhaps by increasing cell adhesion in the target tissue and 
inducing wnt-11 expression. Besides GDNF and cRet, wnt-11 is also required for 
ureteric branching morphogenesis (Kispert et al., 1996). Thereafter, bud elongation 
may be promoted by other mesenchyme-derived effectors that may include HGF, 
TGF/J1 and extracellular matrix molecules. 

10 In developing kidneys, GDNF is expressed exclusively by the pretubular 

metanephric mesenchyme. It becomes bound to its target tissue, the tips of the ureteric 
epithelium, where the branches of the collecting ducts are continuously being formed. 
Although one of its receptors, the GPI-linked protein GDNFR-c* (Jung et al, 1996; 
Treanor et al., 1996), is expressed in both metanephric mesenchyme and ureteric bud, 

15 we could only verify GDNF binding to the tips of the ureteric branches where the cRet 
receptor tyrosine kinase is expressed. Furthermore, metanephric kidneys of mice 
deficient for cRet (Schuchardt et al., 1994, 1996) did not respond to GDNF. These 
data show that the ureteric epithelium is the main target cell type of GDNF in the 
embryonic kidney . 

20 Previous studies with GDNF-deficient mice (Pichel et al, 1996; Treanor 

et al. 1996) and with neutralizing antibodies to GDNF (Vega et al, 1996) have shown 
that GDNF is necessary for development of the ureteric bud. In our experiments 
supernumerary budding from the Wolffian duct was induced by GDNF-soaked agarose 
beads, initially suggesting that GDNF could act as a mitogen upon the epithelial cells. 

25 However, isolated ureteric buds did not respond to GDNF by increasing cell 

proliferation, but by maintaining their epithelial morphology, showing increased 
adhesiveness, and extracellular matrix synthesis. This observation is consistent with 
the data of Liu et al. 1996, who showed that cRet modulates extracellular matrix 
synthesis by ureteric cells. Still, the mechanism and mediators of the increased cell 

30 adhesion remain to be elucidated. They may include wnt-11, a member of the wnt 
family of signal transducing molecules that could be up-regulated by GDNF in the 
Wolffian duct. Interestingly, wnts regulate cell adhesion and signal transduction 
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•hrough ^ and caKnins (reviwed by M . |ier ^ Mooo 

cadher,,,*e in i,s extracellular part (revi ewed by Tateichi I993 J ^ 

be .nvolved ,n the eel! adhesion/signal transduction response. 

Thus far the only mesenchymes that have been shown ,o suppor. ureteric 

Saxen 198 7. K,spe„ e. a,, 19 96). As closed herein, we have reoombined various 
he*ro,ogous mesenchymes w it h isolated ear,y uremic buds and added GDNF. None 
of .he mesenchymes tested supported the deve.o P me» t of eariy ureteric buds wititou. 
exogenous GDNF. The lu „g mesenchymes augmented by GDNF-containing 

^ ** ° f "» «* uremic buds, showing ma, 

GDNF can promo,e branching when combined with a compel, heterologous 
mesenchyme. It has been shown ma. ,ung mesenchyme induces urceric branching and 
~ wn,-: , expression o, me tips of the urefcric bud (Kispert e, a,., 1996) ^ 
repea«ed these experiments and show tha, m our culture sys.em. me branching ' 
response 1S critically dependent on the stage of me bud. Oniy ,a,e, T-shaped L 
undergo branchmg without exogenous GDNF. 

Competence of heterologous mesenchymes to support the GDNF action 
turned out to be very restricted. Toou, salivary, and limb mesenchymes did no. 
support ureteric branching even with GDNF (although tab mesenchymes for 
ms.ance. show endogenous GDNF expression; Wrigh. and Snider, I9 96) ' Gut 
mesenchyme, a rich source of GDNF, did no. support ureteric branching These 
furfrngs suggest ma, „ eimer gut, salivary gland, toom. and .tab mesenchymes al, 

or exanT " ™* ' * * °™ ~ 

rjstr^rr^: :r — bm>nt - * - — - 

„„„,.,,. . „ P '° *'* COIKentr «ion of 50ng/ml did not promote 

— * - - gut mesenchyme recombinations. The mos, pUusibte exp,al„» „ 
•ha the mesenchymes lac, effectors, so far unidentified, for bud e,onga,i„ n These 
motecu.es may no, represen, me GPMinked GDNF receptors, because al, 
mesenchymes testtd in .he recombination assays express eititer GDNFRor or GDNFR, 

STJ * 19 «- ™.*™»«« . 1997 , Our data underline 
mrmer the necess ,ty for many simultaneously-acting effectors to promo* norma, 
branching morphogenesis. 
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In ureteric bud-lung mesenchyme recombination cultures, the branching 
response of ureter bud was promoted not only by GDNF, but also by TGF/31 or HGF. 
However, unlike mice lacking GDNF (Pichel et al. f 1996; Sanchez et al., 1996), 
mutant mice lacking TGF-01 or HGF (Shull et al, 1992; Schmidt et al., 1995) show no 

5 apparent defects in kidney morphogenesis, suggesting that these molecules are not 
necessary for, or redundant in, kidney development in vivo. Tissue culture studies 
(Ritvos et al, 1995; Woolf et al, 1995), antibody inhibition experiments (Woolf et al, 
1995) and studies with desulphated kidneys (Davies et al, 1995) have indicated roles 
for these growth factors in regulation of ureteric growth. Our data suggest that they 

10 act later than GDNF because, unlike GDNF, they did not initiate buds from the 
Wolffian duct inside or outside the normal nephrogenic area. 

Sulphated glycosaminoglycans ("GAGs") of the extracellular matrix are 
important to ureteric bud growth and branching. The ureteric buds of kidneys 
deprived of sulphated GAGs show neither growth nor branching. HGF has been r 

15 reported to elongate ureteric epithelium in desulphated kidneys (Davies et al, 1995) and 
antibodies to HGF inhibit kidney morphogenesis in organ culture (Woolf et al, 1995). 
We therefore tested the ability of GDNF and HGF to restore ureteric morphogenesis to 
kidney rudiments deprived of sulphated GAGs, but new branches grew only very little. 
Because HGF did not significantly elongate the branches when added together with 

20 GDNF, unidentified growth-promoting molecules may act between GDNF and HGF 
response. 

We could not induce branching of the isolated ureteric buds, deprived of 
mesenchymal support in hanging drop or collagen gel cultures, with GDNF, HGF or 
TGF01. This further suggests that additional growth factors or sulphated GAGs from 
25 the mesenchymal cells are needed to complete ureteric morphogenesis. Sulphated 
GAGs in the extracellular matrix may be needed for GDNF synthesis or to attach 
GDNF to the matrix, since in desulphated kidneys GDNF protein levels were down 
regulated, although the mesenchyme is induced and differentiates (Davies et al, 1995). 

Activation of the cRet receptor tyrosine kinase is mitogenic for some 
30 cells (Santoro et al, 1994). In neuroblastoma cells lines, for example, cRet utilizes the 
MAP-kinase signaling pathway to activate cell proliferation (Worby et al. 1996). We 
evaluated the possible mitogenic effects of GDNF on ureteric epithelial cells growing 
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without a supportive matrix or mesenchyme In k • 

deve op.„g flTO ^ ^ ^ ttiaM Pt. of 

and Shiio, I995) as weH as a TOFp^T T** <*»™- 
« a,., 1994) , guide Ae mjgration ^ decapenrapfegic (AffoIter „ 

branching morphogenesis m»h. h • •■ a "°" of ureleric 

m-pJl ,2, ::r be s,mi,ar ,o ^ ° f <*~ — ~ a„ d 

» adhesion sJ^STT " ^ * ^ —" «—« 

earn. S.nce the GDNF bmdmg data did no. reveal GDNFR-a or GDNFR R . 
major GDNF binding p r o teins in mc m " ° DNFR "P « 

.o growu, factor binding . 0ne G PI .„^ed Pro l ;r „tr: r factions " 

wi* neura, ce., adhesion moiecie LI ( oCa' 9 T " T" Cerebe,,Um 
expressed on *. ure,eric epime.^ oL Z ^^ ^ 
5 n» 8 h< have similar functions. These results do . GNDFR-cc or GDNFR-p 

mode, between cRe, and GNDFR-T(Jrng et ^ ^ "~ ^ 

P^oheta, .^S.van.oe.ai;,^'^;—^ 
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dependent mode of action of GDNF. We could verify it in both tissue recombination 
and urogenital block cultures, in which all other conditions, except the concentration of 
GDNF, remained the same. In urogenital block cultures the directed growth was 
observed not only in the metanephric region but also in the more cranial segments of 
5 the Wolffian duct. These data suggest that, if other mesenchyme-derived factors 

determine the orientation of buds, they should be general and permissive in nature, such 
as mitogenic growth factors in extracellular matrix molecules. 

In summary, GDNF fulfils the criteria to be an important kidney inducer 
that acts early in the initiation of ureteric bud development. The growth factor shows 
10 expression and binding patterns compatible with its apparent role in the kidney, and it 
has a clearly defined function in the ureteric morphogenesis. HGF and TGF01 show, in 
part, similar biological effects on ureteric epithelium, but they lack some specific 
characteristics of GDNF. They neither induce bud formation from the Wolffian duct 
nor promote the basal lamina synthesis by the ureteric bud. These differences suggest 
15 that they act downstream to GDNF and represent the expanding set of mesenchyme- 
derived growth factors with overlapping, partially redundant developmental functions. 

Agarose beads soaked in GDNF also had an effect upon axonal 
outgrowth by neuroblasts in embryonic explants from wild-type embryos. A large 
number of axons were observed growing towards and, eventually, encapsulating the 
20 GDNF-soaked beads. Similar results were not observed in explants ret.kr homozygous 
embryos, suggesting that the lack of response is exclusively due to the absence of c-ret 
receptor tyrosine kinase, and that normal c-ret functioning is necessary for GDNF 
signaling in the peripheral nervous system. 

The foregoing indicates that, not only is GDNF essential for kidney 
25 morphogenesis, but also for the development of the peripheral nervous system. 

Additional studies, using GDNF knockout mice, confirm that GDNF is essential for 
ureteric budding and branching, as well as indicate that GDNF is essential for 
innervation of the gastrointestinal tract. Homozygous GDNF knockout mice were 
essentially devoid of enteric parasympathetic cholinergic ganglion cells. 
30 Some human genetic disorders, i.e., Hirschsprung disease, are 

characterized by defects in gastrointestinal innervation. Mutations in the human ret 
locus have been demonstrated in some familial forms Hirschsprung disease. The loss 
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of enteric neurons in GDNF knorl™.,f 

„. fc miCC ***** that motions in the GDNF gene 
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- admU* JoT"" " aPP " CMi0n " K ^ ^ **** * ~ * 

about 5 *. 1,,<:,em " abOUt " aSUSedhCrcinmea -i^'0%.preferab lyi 

EXAMPLES 
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Animals 

Sptague-Dawie, or Wistar ra, embryos, of various stages of gestation were used 
ft. stud, ^ W e re mattd overnight and the next da y was de^s 
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embryonic day 0 (E r 0). The gestation stage was further estimated by the size of the 
limb buds and the stage of the kidney was verified visually under a stereo-microscope 
after dissection. In desulphation experiments, E m ll mouse kidney rudiments were also 
used. Generation of the transgenic mice deficient for cRet has been described in 
5 Schuchardt et ai. (1994, 1996). 

Organ culture 

Microdissection was used to isolate the following tissues; early mouse 
E m 11 bud-negative metanephric mesenchymes with adjacent Wolffian ducts, mouse E „ 
11 bud-stage kidney rudiments; rat E, 13 bud-and T-bud-stage metanephric kidneys; 

10 and E r 13 whole urogenital blocks (including metanephric kidney, Wolffian duct, genital 
ridge and mesonephros). These tissues were then cultured in Tro well-type dishes 
either intact or as separated nephrogenic mesenchymes and ureteric buds, separation 
being performed using 0.25% pancreatin-trypsin. Two types of culture media were 
used; a) MEM (Eagle's Minimum Essential Medium, Gibco) supplemented with 5-10% 

15 fetal bovine serum (FBS) (Bioclear), b) I-MEM (Improved Eagle's Minimum Essential 
Medium, Gibco), originally based on MEM modified by Richter et al. (1972) 
supplemented with 50 /xg/ml iron-loaded transferrin instead of serum (Ekblom et al., 
1983). For the tissue recombinant cultures different mesenchymes (lung, salivary 
gland, limb, and gut) from E r 13 to E r 14 rats and tooth mesenchyme from E m ll mouse 

20 were separated with pancreatin-trypsin from their respective epithelia, and cultured in 
recombination with isolated ureteric buds. Organs were cultured on Nuclepore filters 
(pore-size 1 fim or 0.1 jim; Costar) placed on top of a metal grid in a Trowell-type 
organ culture. Separated ureteric buds were also cultured in 30 /xl drops of medium 
hanging from a lid of a Petri dish (Nunclon), the bottom of the dish being filled with 

25 sterile phosphate buffered saline (PBS). The microdissection and tissue culture 

techniques have been described in detail by Saxen and Lehtonen (1987), incorporated 
herein by reference. 

Growth Factors 

Human recombinant GDNF was provided by PeproTech Inc. and 
30 Promega. GDNF stock was dissolved in sterile PBS and 100 ng/jzl; concentrations 
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ranging from , ng,ml « I00 ng/m, were M in ^ ^ 
drop cultures. TGF«. was provided by Dr . Marikki uiho (University of HelsU 
twas dtssolved t „ make a 50 stock, and conceIMratiom ^ 
.CO ng/m were tested in cultures. Human recombinant HGF (Sigma or Collaborative 
5 B.omedrcai was tap, as a 50 ng/,1 stock, and concentmions from I ng/ml t0 100 
ng/m, were used in cuiture experiments. A,, growth factor stocks were stored at - 
70 C unttl used. Culture medium was changed every second day. 

Antibodies 

10 (Oibco, m P ^r miM ™™™"^ yC> ™'' m ^» WS -"™>™™ 
(G.bco, monclona. anttbodies to cytokeratm-8 (Amersham), polyc ,ona. antibodies to 

alZ r^r" adheSi °" ra0leC, " e <RathjCT ^ ***'-'■ 1984 >- - PO^o-a, 
ant.bod.es to rat brush border epitopes (Bcblom et a!., .980). Secondary antibodL 

comprised rhcdamine-conjugateo goat-anti-mouse Ig G and fluo re scein-conjugated 
donlcey-anti-rabbit IgG (Jackson Inuuuno-Researeh Ub.,. F,,l mouse ^ we „ 
sutr^ usmg *e collects, s^ ^ 

wth monoclonal antibodies to cytokeratin-18 (Virtanen et al„ 1985) , n ^ 
expenments, uremic epithelium was visualized by rhodarnine-conjugated DoHcHcs 
*(/to TO -agglutinin (Vector) at 25 ^g/ml. concentration. 

Whole-mount staining 
20 Organ rudiments, from embryos and cultures, were stamed by the 

whole-moun, immunocytochemical technique described by Sariola e. al. (1988) with 
some modifications. Briefly, Ussue explants were fixed in ice-co.d methane, for 5 
mmutes. washed in PBS containing u% sucrose and 1% bovine senun albumin (BSA) 

25 " b r OVe ^ ,taMOn ^~ ra ' WaSh ^^ tta «^-o hours 
each m PBS, and mounted in tomumount (Shandon). All antibody incubations were 
done ,„ Eppendorf mbes a, + 4»C. Having drop cultures were stamed using a simiiar 
method but, tmmediately before fixation, they were anached to filters by either 
Matngel (Becton Dickinson) or 2% agarose in MEM. 
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Growth factor-soaked agarose beads 

For bead experiments, E r 13 rat kidneys, E,13 urogenital blocks, and 
E m l 1 mouse bud-positive and bud-negative metanephric rudiments were cultured as 
described above. Separated E r 13 rat kidneys, E r 13 urogenital blocks, and E m ll mouse 

5 bud-positive and bud-negative metanephric rudiments were cultured as described above. 
Separated E,13 kidney ureteric buds without metanephric mesenchyme were 
recombined with lung mesenchyme from the embryo. To prepare growth factor-soaked 
beads, agarose beads (Affi-gel Blue; BioRad) of 80 to 120 mesh were washed 
extensively in sterile PBS, then incubated in 5 pi of growth factor solutions (100 ng/pl 
10 (GDNF), 50 ng//xl and 10 ng//xl (GDNF, HGF and TGF/31)) or in control 1% 

BS A/PBS as described (Vainio et al. f 1993). They were placed by a micro-capillary 
next to ureteric buds or Wolffian ducts of the embryos mentioned above, and also of 
En, 11 urogenital blocks (GDNF only) from transgenic mice deficient for cRet 
(Schuchardt et al., 1994). Tissues were cultured for three to five days with the beads 

15 and then processed by whole-mount immunohistochemistry. 

Example 1 

GDNF binds selectively to the tips of the ureteric bud epithelium 

We compared the expression patterns of cRet, GDNFR-a, and GDNFR 
mRNAs by in situ hybridisation. Single-stranded antisense and sense cRNA probes 

20 were synthesised and labeled with 35 S-UTP (Amersham) using appropriate RNA 

polymerases. Rat GDNFR-a probe was cloned forward (nucleotides 294-313) 5' GCG 
GCA CCA TGT TAG CC 3' [SEQ ID NO:l] and reverse (nucleotides 1020-1039) 5* 
CAG ACT CAG GCA GTT GGG CC 3' [SEQ ID NO:2]. The identity of the cloned 
fragment was verified by direct sequencing with a Pharmacia A.L.F. automatic DNA 

25 sequencer. The c-ret probe spanned the tyrosine kinase domain of mouse c-ret 

(nucleotides 2534-3217; Pachnis et aL, 1993). The cloning of rat GDNF probe for in 
situ hybridisation has been described in Suvanto et al., 1996, incorporated herein by 
reference. 

In situ hybridisation for sections was performed according to Wilkinson 
30 and Green (1990) with some modifications. Briefly, whole rat E r 13 to E r 17 embryos 
or dissected kidneys were fixed in fresh, neutral buffered paraformaldehyde (PFA) for 
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of unlabeled GDNF (FIG. 1H, insert). Very little binding was detected in the 
condensing nephrogenic mesenchyme and none in other regions of the kidney, for 
instance in subcapsular uniduced mesenchyme and smooth muscle layer ureteric pelvis, 
where GDNFR-/3 is expressed (see Suvanto et al. f 1997). 

5 Example 2 

GDNF promotes ureteric budding from the Wolffian duct and affects ureteric 
branching 

Growth factor-soaked agarose beads were placed as follows; a) next to 
early E m ll metanephric rudiments prior to ureteric budding from the Wolffian ducts; 
10 b) next to E m l l and E r 13 kidney rudiments that had already formed a small ureteric 
bud from the Wolffian duct; c) next to corresponding whole urogenital explants. In 
embryonic rat kidneys already possessing a branching ureteric bud, the GDNF-beads, 
soaked in concentrations of 50 to 100 ng//xl or GDNF, distorted the branch pattern by 
expanding the diameter of the nearby branches (FIG. 2 A, B). They also induced the 
15 formation of supernumerary buds from the metanephric (precloacal) segments outside 
the metanephric field (the caudal mesonephric segment), where the Wolffian duct is not 
normally budding. (Fig. 2D; See Sainio et al., 1997 for the morphology of the 
Wolffian duct in mesonephros region). The average number of heterologous buds in 
the mesonephric segment was three (n=50). Most (85%) of the supernumerary buds 
20 were directed towards the GDNf-soaked beads. Only occasional, small supernumerary 
buds were induced by beads soaked in 10 ng//xl of GDNF. Beads soaked in 1% BSA 
(n=41), or 1, 10 or 100 ng//*l of TGF01 (n=15) or HGF (n=15) induced neither 
supernumerary budding from the Wolffian duct nor affected the number of branches in 
late embryonic kidneys (FIG. 2E, F), but beads soaked above concentrations of 
25 10ng//il of TGF/31 and HGF did increase the length of the normal ureteric branches, as 
already described (data not shown; see Ritvos et al., 1995; Woolf et al. f 1995; Davies 
et al., 1995). When urogenital blocks from mouse embryos deficient for cRet 
(Schuchardt et al., 1994) were cultured with GDNF-soaked beads, the Wolffian duct 
(FIG. 2G.H), and the occasional ureteric buds present in these embryos showed no 
30 distortion of their branches by GDNF. 
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We also tested the effect of GDNF on isolated nephrogenic 
mesenchymes. Concentrations of 10 to 50 ng/ml of GDNF, in a chemicalized or 
sennn-supp^ented culture m edia, neither induced epithelial fl*^^ 
other morphological change. y 
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GDNF increases ceU adhesion 
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TUNEL-labeling of the ureteric buds in GDNF-or HGF-supplemented hanging drop 
cultures showed a decrease in the number of apoptotic cells as compared to buds 
growth in control medium or buds supplemented with TGF/31. 

The morphology of separated buds grown in hanging drop cultures with 
5 or without GDNF or HGF was further analyzed by electron microscopy. For electron 
microscopy, isolated ureteric buds, grown 24 hours in hanging drop cultures and 
thereafter glued on Nuclepore filters with agarose, and freshly isolated, E r 13 kidneys 
were fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2. After ethanol 
dehydration, the samples were embedded in LX-112 resin (Ladd Research Industries, 

10 Inc.), sectioned and examined in a Jeol 1200 EX electron microscope. The results are 
depicted in FIG. 3G-I. The buds, grown in control medium, showed only few tight 
junctions and no basal lamina (FIG. 3G). In the buds grown with HGF or GDNf, the 
cells showed well-developed tight junctions (FIGs. 3HJ). Further, with GDNF, a thin 
basal lamina (FIG. 31), resembling the lamina densa of the basement membrane at the 

15 tip of the normal ureteric buds was present (FIG. 3J). 

To monitor the effect of GDNF and HGF on cell proliferation, separated 
ureteric buds were cultured in hanging drops as described above, and 5-bromo-2'- 
deoxyuridine (BrdU) cell labeling reagent (Amersham) was used according to 
manufacturer's instructions. Briefly, two E r 13 ureteric buds in each 30/xl hanging drop 

20 were cultured for 24 or 48 hours with or without 50 ng/ml GDNF in either chemically- 
defined 1-MEM or MEM supplemented with 10% FBS. The medium in the drop was 
then changed to fresh medium containing the BrdU-label. Cultures were incubated at 
+37°C for 30 minutes to one hour, after which they were fixed for whole-mount 
immunohistochemistry. Monoclonal antibodies to BrdU (Amersham) were used for 

25 double-immunofluorescence-labeling with polyclonal LI neural cell adhesion molecules 
antibodies that served as an ureteric epithelial cell maker (Sainio et at., 1994). 
Because the isolated ureteric buds scatter cells in to the medium, the BrdU date reflect 
the mitotic index in the bud explants but not in the cells scattered in the cultured drop. 

The BrdU data were verified further by counting both the enzymatically 

30 dissociated and scattered cells of separated ureteric buds either immediately after the 
dissection or after 24 hours in hanging drop cultures with or without ectopic growth 
factors (FIG. 4). Culture media with scattered cells from 10 drops containing two 
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buds each were first pooled, collected to Eppendorf tubes and centrifuged The 
scattered cells in 20 M l were then pipetted to silanised objective slides, air dried at 
+37-C fixed with neutralised 10% formaldehyde, rinsed in PBS and Hoechst 
fluorochrome 33342, countermined with Harris hematoxylin and mounted with 
Immumount. The buds in each drop were collected and dissociated with 1 ml 
pancreatin-trypsin and trypsin-EDTA at +37°C for 20 minutes in separate Nunclon 3 
cm culture dishes. The dissociated cells were collected in a small volume under a 
stereo microscope and placed on silanised objectives slides, and drops were air dried 
fixed and stained as described above. Cells in each slide were visualized with an 
Olympus AX70 Provis microscope equipped with epifluorescence and the cells on each 
slide were counted with ImagePro-plus program. The viability of cells after 24 hours 
m culture was analyzed by their ability to exclude trypan blue. 

BrdU-labeling of the epithelial cell clusters remained low with or without 
GDNF, indicating that GDNF does not primarily act as a mitogen upon the ureteric 
epithelial cells. This result was verified by counting the number of bud cells 
immediately after the microdissection from the embryo and after 24 hours of hanging 
drop culture with or without GDNF or HGF (FIG. 4). Most cells in control, GDNF- 
and HGF-supplemented cultures were viable after 24 hours and excluded trypan blue 
Cells from TGF01 cultures were not counted because of the total dissociation and 
extensive death of cells seen with TGF/31. The results in Figure 4 show that, without 
a proper mesenchymal support, neither GDNF nor HGF promoted proliferation of 
ureteric cells. 

A well-known culture model for epithelial morphogenesis is the 
branching growth of MDCK cell cysts in collagen matrices enriched with HGF 
(Momesano et al., 1991a). To compare the behavior of normal ureteric buds with that 
of the MDCK cells, we cultured isolated ureteric buds with or without GDNF and 
HGF in rat tail collagen gel, as described for MDCK epithelial cells (Montesano et al 
1991a). Rat tail collagen gels were prepared essentially as described by Montesano et 
al. (1991b). Briefly, 8 volumes of collagen stock solution was mixed with 1 volume of 
10 x concentrated MEM, 10% of FBS, and 1 volume of sodium bicarbonate (1 1 76 
mg/ml), the mixture being kept on ice to prevent gelation. 200^1 of the control or 
growth factor^ontaining (50 ng/ml of GDNF or HGF) mixture was added to each well 
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of the Nunclon 24- well culture dish and separated E r 13 ureteric buds without 
metanephric mesenchyme were pipetted on to the gel. An additional 100 fil of the 
collagen mixture was placed on top of the tissues, and after gelation was complete a 
further 200 fil MEM with 10% FCS was added. During five days of culture, tissues 
5 were photographed each day under an Olympus phase contrast ZDH10 microscope. 
Neither of these growth factors induced branching of the ureteric epithelium under 
these conditions. 

Example 4 

Downregulation of GDNF expression and ureteric branching after desulphation of 

10 extracellular matrix glycosaminoglycans 

Present and previous work on ureteric bud development indicated that 
the processes of growth and branching may be controlled separately (Davies et ah, 
1995). Both can be inhibited completely when kidney rudiments are deprived of 
sulphated glycosaminoglycans (S-GAGs), by treatment with either chlorate ions 

15 (inhibitors of sulphation) or degradative enzymes such as heparitinase and 

chrondroitinase, and they can be rescued apparently independently when these S-GAG 
deprive rudiments are treated with exogenous factors. HGF will restore growth but not 
branching and, while no growth factor that can rescue branching has yet been reported, 
treatment of S-GAG deprived kidneys with the phorbol ester, phorbal 12-myristate 13- 

20 acetate (PMA), will activate branching but not growth (Davies et al., 1995). We used 
the following protocols to determine whether GDNF can activate ureteric bud growth, 
branching or both in S-GAG deprived kidneys. 

To inhibit the sulphation of extracellular matrix sulphated GAGs, E m ll 
kidneys were cultured and treated with chlorate as described by Davies et al. (1995). 

25 The medium of some cultures was supplemented with one of the following: a) 20mM 
NaC103 (BDH AnaLaR 10435); b) 50 ng/ml GDNF; c) 20mM NaC103 plus 50 ng/ml 
GDNF; d) 20mM NaC103 plus 100 ng/ml HGF; e) 20mM NaC103 plus 50 ng/ml 
GDNF plus 100 ng/ml HGF. Kidney rudiments were left to develop in these media 
for approximately 72 hours, then fixed for whole-mount immunohistochemistry and 

30 stained with antibodies against the collecting-duct specific stain anti-calbindin-D-28k. 
Alternatively, E f 13 dissected rat kidneys were cultured as described, and heparitinase 
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III (Sigma) and chondro kinase ABC (Sigma) were added to the culture medium at 0 33 
U/ml each as described (Davies et al., 1995). The culture medium was changed daily 
with fresh enzymes. At the second day of the culture, either GDNF- or BSA-soaked 
agarose beads were added next to ureters and Wolffian ducts, and tissues were cultured 
for additional two days, and were then processed for whole-mount 
immunohistochemistry and Western blotting analysis. 

Sets of 12 kidneys, grown for 55 hours in medium described above as 
well as without 20mM NaC103, were homogenised in 100 M l of 2-mercaptoethanol- 
contaimng Uemmli sample buffer (Biorad), then their proteins were separated by SDS- 
PAGE (12.5% gel) and blotted on to Biorad transfer membranes. After transfer 
membranes were washed in PBS, blocked in 1% Blocking agent (Amersham RPN 3023 
in PBS for 3 hours at room temperature, then incubated overnight at +4°C in 0 5 
Mg/ml primary antibody (either chick anti-GDNF, Promega, or rabbit anti cRet, Santa 
Cruz) in PBS. They were then washed in 1% blocking agent and incubated in 1400 
secondary antibody (fluorescein anti-rabbit or fluorescein anti-chicken, Sigma) for 3 
hours at room temperature. After another wash, filters were probed with tertiary 
antibody (alkaline phosphatase anti-fluorescein, Amersham) in lOOmM Tris, 400mM 
NaCl pH 7.5 for 2 hours at room temperature. They were then washed extensively 
and developed using the NBT/BCPIP reagent from Amersham's RNA Colour Kit 
(RPN3300). Molecular weights were measured against pre-stained molecular weight 
standards (Biorad). 

GDNF, but not cRet, was downregulated in desulphated kidneys as 
shown by Western blotting analysis (FIG. 5A). Ureteric epithelia of kidneys deprived 
of S-GAGs, through growth in desulphating media, showed neither extensive growth 
nor branching (Fig. 5B). Treatment of S-GAG deprived kidney rudiments with 50 
ng/ml HGF stimulated ureteric growth but not branching, as shown earlier (Davies et 
al-, 1995). Addition of GDNF partially restored the morphogenesis of ureteric buds 
causing branching but only little growth (Fig. 5C). Simultaneous treatment of S-GAG 
deprived rudiments with 50 ng/ml GDNF and lOOng/ml HGF did not extend 
significantly the effect that was seen with GDNF along (Fig. 5D). When the GDNF- 
comammg beads were used in desulphated kidneys, branching was slightly more 
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extensive than with GDNF added in the medium and the branches were often directed 
towards the bead (Fig. 5E). Beads soaked in 1% BSA showed no effect. 

Example 5 

Branching of early ureter bud in recombination cultures 

5 Thus far, the only embryonic mesenchymes that have been reported to 

support growth and branching of ureteric bud epithelium have been metanephrogenic 
(Grobstein, 1955; Sax6n, 1987) and lung mesenchymes (Kispert et al., 1996). To 
discover if this specificity is mediated by GDNF, we tested the effects of GDNF on 
early bud-stage 1^13 rat ureteric epithelium that was recombined with undifferentiated 

10 heterologous mesenchymes from embryonic mouse or rat lung, salivary gland, limb 
bud, tooth or gut, following the procedure disclosed in Example 2 above. 

When recombined with lung mesenchyme, which expresses GDNF 
mRNA when tested by RT-PCR and GDNFR-a by in situ hybridization, Suvanto et al. 
1997), the ureteric bud branched in a manner that correlated with the dose of 

15 exogenous GDNF (Table 1, Fig. 6A). Also, exogenous TGF01 and HGF added to the 
culture medium of ureteric bud-lung mesenchyme recombinations triggered branching 
(Table 1, Fig 6B,C). If the ureteric epithelium was microdissected later, at the T- 
bud-stage when the first two ureteric branches were already present, and recombined 
with E r 13 lung mesenchyme, ureteric branching was regularly promoted without any 

20 exogenous growth factors (see Kispert et al., 1996). 

When E r 13 ureteric buds were recombined with isochronic mesenchymes 
from limb or tooth, the buds did not branch even if treated with GDNF, TGFA/31, or 
HGF. In limb mesenchyme recombinations the ureteric bud did not form branches 
with or without exogenous growth factors (Fig. 6D). In salivary gland mesenchyme 

25 recombinations, the ureteric buds maintained a rudimentary epithelial shape but did not 
elongate (Fig. 6E). Because gut is a rich source of GDNF (Hellmich et al., 1996; 
Suvanto, et al., 1996), various segments and sizes of gut mesenchyme were recombined 
with ureteric buds, but they did not promote ureteric bud branching, not even if 
exogenous (GDNF up to 50 ng/ml was added. All these mesenchymes express 

30 GDNFR-a mRNA by in situ hybridization Suvanto et al., 1997). Branching of the late 
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T-bud-stage ureteric epithelium 
either. 



was not supported by these heterologous mesenchymes 



Example 6 

Method for treating diseases 
5 GDNF can be admired to patients with Hirschsprung^ disease or 

renai dyspiasia. The dosages are expected to be .Hose effective to p Jen. « of 
en,enc neurons - in ft. case o, Hirschsprung, disease ^ ~ 

n: rena : d T a - of course ' *■ — *— — — — 

actors, such as the P r OS ression of the disease, patien, status, etc. However, proper 
10 dosages are readiiv determined by persons of ordinary s k iH ta the an „ is 

ZtSX" effcctive dose wm fa " in " ran8c of frora — ion ^ - 

The foregoing examp.es are mean, to i.lustrate fte invention and do no. 
ta,t ., tn any way. Other app.ications and unifications are within the spiri. and 
scope of the invention as herein disciosed and win be readiiy apparent .o those siciiied 
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What is claimed is: 



1. 



A method for maintaining ureteric cells in culture comprising culturing 
said ureteric cells in a medium containing GDNF. 



2. 



The method of claim 1 wherein the concentration of GDNF is from about 
5 1 ng/ml to about 100 ng/ml. 

3- The method of claim 1 wherein the ureteric cells are cultured as hanging 

drops. 



The method of claim 1 wherein the ureteric cells are cultured in collagen 
gels. 



) 5. 



7. 



A method for preventing apoptosis of ureteric cells comprising contacting 
said ureteric cells with GDNF. 

The method of claim 5 wherein the concentration of GDNF is from about 
1 ng/ml to about 100 ng/ml. 

A method for stimulating ureteric budding from the Wolffian duct in bud- 
negative 

metanephric mesenchymes comprising contacting said metanephric mesenchymes with 
GDNF. 

8- The method of claim 7 wherein the concentration of GDNF is from about 
1 ng/ml to about 100 ng/ml. 

9- The method of claim 7 wherein the concentration of GDNF is from about 
50 ng/ml to about 100 ng/ml. 

10. A method for stimulating ureteric branching from the Wolffian duct in 

bud-positive 
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metanephric mesenchymes comprising contacting said metanephric mesenchymes with 
GDNF. 

11. The method of claim 10 wherein the concentration of GDNF is from 

about 1 ng/ml to about 100 ng/ml. 

5 12. The method of claim 10 wherein the concentration of GDNF is from 

about 50 ng/ml to about 100 ng/ml. 

13. A method for stimulating ureteric branching comprising culturing early 

bud-stage ureteric epithelium with lung mesenchymes in the presence of a 
growth factor selected from the group consisting of GDNF, HGF, and 
10 TGFjSl. 



14. The method of claim 13 wherein the growth factor is GDNF. 

15. The method of claim 13 wherein the concentration of GDNF is from 
about 1 ng/ml to about 100 ng/ml. 

16. The method of claim 15 wherein the concentration of GDNF is from 
15 about 50 ng/ml to about 100 ng/ml. 

17. A method for treating Hirschsprung's disease or renal dysplasia 
comprising application of an amount of GDNF effective to prevent cellular 
apoptosis. 

20 18. A method for stimulating axonal outgrowth comprising contacting 

neuroblasts with GDNF. 

19. The method of claim 18 wherein the concentration of GDNF is from 
about 1 ng/ml to about 100 ng/ml. 

20. The method of claim 18 wherein the concentration of GDNF is from 
25 about 50 ng/ml to about 100 ng/ml. 
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A .nethod for starring adhesion between uremic ce lls comprising 
contacting said cells with GDNF. 

The method of claim 21 wherein the concentration of GDNF is from 
about 1 ng/ml to about 100 ng/ml. 

The method of claim 21 wh*>»>;n »v.«. „ 

ZL wherei n the concentration of GDNF is from 
about 50 ng/ml to about 100 ng/ml. 

A method for stimulating the synthesis of basil lamina on ureteric cells 
compnsing contacting said cells with GDNF. 

The method of claim 24 wherein the concentration of GDNF is from 
about 1 ng/ml to about 100 ng/ml. 

The method of claim 24 wherein the concentration of GDNF is from 
about 50 ng/ml to about 100 ng/ml. 
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